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Executive Summary

Thelongrangeobjectiveof ourcollaborationis to createthehardwareandsoftwareinfrastructureneeded
for terascalesimulationsof quantumchromodynamics(QCD), thesectorof theStandardModelof elemen-
taryparticlephysicsthatdescribesthestronginteractions.Suchsimulationsarenecessaryfor understanding
someof themostfundamentalquantitiesin highenergy andnuclearphysics,thussupportingtheDepartment
of Energy’s largeexperimentalefforts in thesefields.In ourSciDAC proposalwerequestedfundsfor athree
yearsoftwaredevelopmentandhardwareprototypingeffort. In the future we plananotherproposalto the
Departmentof Energy for adistributedtopicalcomputingcenterto providetheterascaleplatformsonwhich
thesesimulationswill beperformed.

Thetwentiethcenturywasaneraof strikingprogresstowardscomprehendingthefundamentalstructure
of matter, beginning with thediscovery of quantummechanicsandatomicphysics,progressingto nuclear
physics,andculminatingwith theStandardModelof elementaryparticlephysics.However, traditionalana-
lytical toolshaveproveninadequateto extractmany of thepredictionsof QCD.Ourunderstandingof nature
will remainfundamentallydeficientuntil weknow how therich andcomplex structureof stronglyinteract-
ing matter, which comprisesmostof the known massof the universe,arisesfrom the interactionsamong
quarksandgluons.

At present,theonly methodto extractnon-perturbativepredictionsof QCDfrom first principlesandwith
controlledsystematicerrorsis throughlargescalenumericalsimulationsof latticegaugetheory. Recentre-
finementsof numericalalgorithmscoupledwith major increasesin the capabilitiesof massively parallel
computershave broughtthesesimulationsto a new level. It is now possibleto calculatea few crucialquan-
tities to an accuracy comparablewith their experimentaldetermination.The strongcouplingconstantand
themassesof thec andb quarksarenotableexamples.Furthermore,theexperiencewe have gainedallows
confidentpredictionsfor thecomputingresourcesrequiredfor accuratedeterminationsof a broadrangeof
fundamentalquantities.Many of themostimportantcalculationswhichweproposeto carryoutwill require
long termuseof multi-teraflopscomputingfacilities.

UnitedStatesphysicistsinventedlatticegaugetheoryandplaya leadershiprole in thefield. To maintain
ourstatusandprovideneededsupportfor theU.S.highenergy andnuclearexperimentalprograms,wemust
move quickly to constructthe substantialcomputationalinfrastructurerequiredfor terascalesimulations.
Unfortunately, theU.S.is falling behindEuropeandJapanin buildingsuchinfrastructure.OurSciDAC effort
representsa first steptowardsa coherentnationalplan in supportof the next level of scientificdiscovery
in latticegaugetheory. Theenvisionedterascalecomputingresourceswill enablecalculationsessentialto
precisiontestsof the StandardModel, to understandthe structureof nucleonsandotherhadrons,andto
determinethepropertiesof hadronicmatterunderextremeconditions.

Massively parallelcomputersareideally suitedfor latticegaugecalculations,having beensuccessfully
exploited for many years.Furthermore,it hasproven far morecosteffective for lattice gaugetheoriststo
build their own computersthanto make useof generalpurposesupercomputers.In doingsothey cantake
optimal advantageof simplifying featuresof lattice QCD, suchasregular grids anduniform, predictable
communications.Generalpurposemachinesmustperformwell for a wide variety of problems,including
thoserequiringirregularor adaptive grids,non-uniformcommunicationpatterns,andmassive input/output
capabilities.Thus,commercialsupercomputersrequireconsiderablymoreexpensive communicationsys-
temsthanareneededfor latticeQCD.For this reason,our plansincludethedevelopmentof bothhardware
andsoftwareinfrastructure,pursuingbothcustomizedclustersof commoditycomponentsandthedevelop-
mentof a fully customlatticecomputer. Theconceptof a topicalcomputingfacility assetout in theOffice
of Science’s computingplanis particularlywell suitedfor latticegaugetheory.

Theobjective of our SciDAC projectis to supportthesoftwaredevelopmentnecessaryto productively
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exploit the envisionedmulti-teraflopscomputingfacilities.Two architectureswill be targeted:large com-
modityclustersandtheQCDOC,thenext generationof thehighly successfulColumbia/Riken/BNL special
purposecomputers.

A flexible, user-friendly softwareenvironmentis critical to thedevelopmentof efficient new algorithms
andcomputationalmethods.Wewill collaboratecloselywith ourcolleaguesin computerscience,computer
engineeringandappliedmathematicsonthesoftwareandalgorithmsresearchandthehardwareprototyping
neededfor terascaleQCD systems.The interplaybetweenhardware,software,andalgorithmsresearchis
centralto ourwork.

Thesoftwareinfrastructurewe aredevelopingwill enablemembersof thenationallatticegaugecom-
munity to achieve high performanceon future terascalesystems,while focusingtheir efforts on frontier
questionsin physics.This will requirea varietyof componentsfor high applicationperformance,including
standardizedlibrarieswith highly tunedcodefor commoncomputationallyintensive tasksandoptimized
communicationsprimitives, implementedfor eachtarget architecture.At a higher level, the project will
deliver standardprogrammingmodels,portableapplications,anduser-friendly interfaces.Thesoftwarein-
frastructurewill also incorporatecomponentsnecessaryto scheduleandmonitor jobs,standardsfor data
formats,andothertoolsto supportwideaccessandmanagementof largecomputationalanddataresources.

Scalabilityof latticeapplicationsto largeclustersof commoditycomputers,includingsymmetricmulti-
processors(SMPs),will beakey developmentarea.Systemscontaininghundredsof processorsarerequired
to provide adequatetest-bedsfor thesoftwareandfor theviability of multi-teraflopsclustersfor QCD. To
this endwe areexpandingtheclusterscurrentlyunderdevelopmentat Fermilabandby theMIT/Jefferson
Lab consortium.Thesesystemswill bemadeavailableto latticeresearchersfor their scientificwork andto
furthertestand“harden”thesoftwareinfrastructure.In thisactivity, theclusterswill beavailableto thefull
U.S. latticegaugetheorycommunity, aswill all of thehardwareandsoftwareinfrastructurecreatedunder
thisproject.

Thiswork will providethebasisfor afutureproposalrequestingdistributedtopicalcomputingresources
for thestudyof QCD.To meetthefull scientificchallengesof QCD,andto allow U.S.latticegaugetheorists
to competeeffectively with researchersin EuropeandJapan,we plan to proposethecoordinateddevelop-
mentof threeopennationalfacilitiesof 10 Tflopsscalein theperiod2003-2007.Thefirst terascalefacility
will bea QCDOCbasedmachineto belocatedat BrookhavenNationalLaboratory, at acostof lessthan$1
persustainedMflops. Thearchitecturesusedfor the10 Tflopsfacilitiesat FermilabandJeffersonLab will
bechosenon thebasisof theexperiencegainedwith clustersandtheQCDOC,on their costeffectiveness,
andontheirability to supportthescientificprogramwehavesetout.This planwill optimallypositionusto
exploit future technologiesfor fundamentalphysicscalculations,andthis multi-prongedapproachwill be
crucialto maintainingflexibility in thefuture.

Informationregardingcurrentactivities andprogresscanbefoundon theproject’s webpage:
http://physics.bu.edu/˜brower/.

We intendto deploy grid tools partially developedby the Particle PhysicsDataGrid Collaboratoryto
helpusmake thehardwaretestbedsat JeffersonLab andFermilabmoreaccessibleto our community, and
to testtheir usefulnessfor a futuredistributedLatticeComputingFacility.
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